The analyzes carried out in this work aims to contribute to the discussion about the ceramic objects founded in Monte Castelo's sambaqui located at south-west Amazonia. The first study accomplished by Miller in 1980 suggests that this archaeological site is inserted in the oldest contexts of production of ceramics in the Amazon. Until today, there aren't any physical and chemical analysis performed in this ceramics and this kind of studies may help archaeological researches at the sambaqui. This work presents a preliminary study of chemical characterization of eighty-four ceramic samples using instrumental neutron activation analysis (INAA) by means of the determination of Na, K, La, Sm, Yb, Lu, U, Sc, Cr, Fe, Co, Zn, Rb, Cs, Ce, Eu, Hf and Th. With the purpose to study the similarity/dissimilarity between the samples, cluster and discriminant analysis were used. The results showed the existence of three different chemical groups whose dating ranging 3000 b.P. to 1500 b.P. that are in agreement with the archaeological studies made by Miller and suggest Bacabal's phase as the oldest ceramist culture in the Southwest of the Amazon.
INTRODUCTION
One of the main objectives in Archaeology is the study of objects or vestiges from a remote society with the aim of understanding its history, establishing cultural identities or reconstructing economic and political aspects [1] .
In many parts of the world pottery fragments are the most common type of artifact due to their high resistance to most physical-chemical soil conditions. Their macroscopic characteristics make them useful cultural and chronological indicators in Archaeology [2] .
Although the study of ceramics in terms of macroscopic characteristics was central to the archaeological interpretation of a site, region or period, ceramics can be examined in terms of mineral and chemical composition, variations in production and firing methods, and stratigraphic and regional distribution. These information along with the knowledge used in the practices of village potters, can sometimes be useful in better understanding the social, economic, and political aspects of past cultures.
The use of an adopted method from the natural sciences is currently subsumed under the term Archaeometry, that is an interdisciplinary field of research that covers aspects of analytical chemistry and spectroscopy, electrochemistry, physics, electrochemistry, anthropology, among other fields [3] .
In archaeometric studies on possible clay sources the determination of trace elements are important due they are found typically dispersed in nature, and their concentration profiles depends on the igneous rock formation and contribute to differentiate between ceramic materials made of different clays, which are formed by weathering of the original rocks [4, 5] , as expressed in the provenance postulate [6] [7] [8] . Currently, analytical techniques have been applied for the determination of trace elements. Among the techniques the instrumental neutron activation analysis (INAA) associated with high resolution gamma ray spectrometry has been the most used because it has several advantages such as high sensitivity, precision and accuracy, essential characteristics to detect small variations in the concentration of the chemical elements contained in the ceramic fragments, at trace or ultratrace level. In addition, a very small sample mass is used in the analysis, which is extremely convenient in the case of archaeological material [8] [9] [10] [11] [12] [13] [14] [15] .
Additional studies about the age of the archeological objects are important to establishing the chronology of archaeological sites. The techniques of archaeological dating usually employed vary in their scope (minimum and maximum age) and in the nature of the materials to be dated. With regard to ceramic materials, the dating can be performed by means of Thermoluminescence (TL) dating. Dating by TL technique is a particular application of dosimetry in which there is a source of constant irradiation (the natural radioactivity from radionuclides in the soil where the ceramics is buried). In the case of ceramics, the ionic crystals are the quartz grains contained in the clay from which the ceramics are made. The zeroing of the archaeological clock is defined by the moment the clay mould is heated to high temperature to produce ceramics [16] [17] [18] . The accumulated dose (Dac) is determined from the ratio TLac/TL0 where TLac is the TL value obtained from a given mass of quartz grains and TL0 is the TL emitted by annealed quartz grains of same mass. Finally, annual dose rate (Dan) is calculated from measurements of the radioactive elements within the material and its surroundings where the pottery was collected and from the radiation dose rate from cosmic rays.
The age of the pottery can be calculated by the D ac divided by the D an .
This work is an interdisciplinary study involving the application of two physical analytical techniques to Amazonian archaeological fragments from Monte Castelo. INAA was applied for quantitative determination of trace and some microelements in ceramic material and TL was applied for the age determination of the pottery. The samples analyzed in this work were collected and provided by the Museum of Archeology and Ethnology of the University of São Paulo.
Archaeological framework
The Amazon system is the largest and most complex terrestrial ecosystem. Its area includes nine Latin American countries, due to its large size, this area can be seen as a demographic void [19, 20] .
However, archaeological research in the region has shown a very different picture. Archaeological remains founded in different areas indicate an age-old history of human occupation. With this perspective, some archaeological currents concentrate on the search of traces of human occupation to prove that before the arrival of the Europeans to the continent, the Amazon was dense and diversely occupied [21] .
One of the focuses of these searches has been the study of pottery, which are one of the materials most produced and are especially well suited to derive archaeological information and help understanding the way of life of the populations due to its abundance and variety [22] .
In the Amazon, the older contexts of pottery production are always associated with sambaquis. The Monte Castelo's sambaqui is one of the oldest contexts of pottery production in the Amazon and is located in the alluvial plain of the Branco River, about 20 km from its confluence with the Guaporé River [23] . Castelo is interesting to performing detailed stratigraphic analyzes, collection of samples for dates and physicalchemical analysis aiming to obtain information that will help in the search for information of the human occupation of the Guaporé River, within the framework of ongoing research on the production of cultural variability in the Amazonian southwest
MATERIALS AND METHODS
The approach adopted in this work comprises the sampling of ceramic material from Monte Castelo archaeological site, with unknown origin of raw materials. INAA was carried out for the determination of the elemental concentration profiles. Due to the number of variables generated, multivariate pattern recognition were applied for grouping samples with similar elemental composition. In addition, studies about the age of the archeological objects were done in order to verify and confirm the contemporaneity of the site and to compare with reference chronology in the literature.
Sample preparation to Instrumental neutron activation analysis (INAA)
A total of 84 ceramic samples were analyzed. These materials were collected during the reopening of excavations at the Monte Castelo's sambaqui and represent the stratigraphy from the surface down to the levels associated with the more complex contexts (concentrated in 0-80 cm).
The external surface was removed with a fine bristle brush. After this procedure, holes were made on the samples with a tungsten carbide rotary file, attached to a variable speed drill. Around 500 mg of powdered sample was obtained from three to eight holes on the side surface of the ceramic fragment, preventing the drill from crossing over the walls.
This powder is then collected, dried for 24 h in an oven at 100 °C and stored in desiccators [5] , until it is cold enough for weighing. Around 100 mg of each sample were weighed in polyethylene involucres and sealed with sealing iron. Each involucre was wrapped in aluminum foil. Groups of up to seven ceramic powdered samples and two reference materials, the Standard Reference 
Sample preparation to Thermoluminescence (TL) dating
The entire surfaces of the ceramics were polished and they were gently crushed. After sieving, grains sizes between 0.080 and 0.0180 mm in diameter were chemically treated to obtain pure quartz grains for TL readings. The powder was then immersed in a 30% solution of H2O2 to eliminate the organic materials. Posteriorly, the residue was rinsing in destilled water and then 
RESULTS AND DISCUSSION
One of the basic premises underlying the use of chemistry in ceramic analysis is that clay sources can be differentiated if an adequately precision analytical technique is used. If an element is not measured with good precision it can obscure real differences in concentration and the discriminating effect of other well-measured elements tends to be reduced. These differences can be used to form ceramic compositional groups because vessels manufactured from a given clay source will be more similar to each other than to other type of vessels which were manufactured from a different source [24] .
In this work the precision was studied using the reference material IAEA Soil-7. For that, were made 14 independent determinations. The mean, the standard deviation (SD) and the relative standard deviation (RSD) were calculated. Table 1 show the results obtained These results were compared with the certified values.
As can be seen at the Table 1 the relative standard deviation (RSD) of Na, K, La, Sm, Sc, Cr, Fe, Co, Cs, Ce, Eu and Th was less than 10% and are similar to those from the Confidence interval. In this study all the elements with precision of less than 10% were considered for interpretation of the results. This precision is considered appropriate by several authors for the choice of the chemical elements for studies of archeological objects using multivariate statistical methods [25] .
Although Co had RSD around 7%, was not included in the data set because the concentration can be affected by tungsten carbides files [26] .
Based on these screening criteria, 11 elements: Na, K, La, Sm, Sc, Cr, Fe, Cs, Ce, Eu and Th were used in subsequent data analyses. None of these elements considered contained missing values.
Initially at the mass fraction of the ceramic samples was made a transformation to compensate for the difference in magnitude and to homogenize the weights of the variables inmultivariate analysis.
In archaeometric studies, the elemental concentrations are frequently logarithmically transformed, based on the assumption that the trace elements have a natural lognormal distribution [27] [28] [29] . In the present work, the elemental concentrations were rescaled to base-10 logarithms. After logarithmic transformation the data set was submitted to outlying tests. Many multivariate methods are sensitive to outliers and it is convenient to identify and remove them before analysis.
The quadratic Mahalanobis distance matrix between each sample coordinates vector and the mean vector was calculated by a routine developed in Scilab software. The values were compared with the critical value of Wilks for identification of multivariate outliers [30] . Only two samples were considered an outlier and were removed before analysis.
In order to determine the existence of groups in the data set according to similar or distinct chemical groups two multivariate statistical analysis were used: cluster and discriminant analysis [29] .
Cluster analysis is a multivariate statistical technique used to produce behavioral patterns in experimental results through the formation of homogeneous groups of samples [29] . As can be seen in the Figure 1 the preliminary classification showed the existence of three groups very well defined.
After the clustering procedure, a discriminant analysis was carried out in order to verify the data structure. The basis for all multivariate analyses is that all the elements included are independent variables. This is not necessary true, but it can be tested using the pooled within-groups correlation matrix provided by discriminant analysis [29] . After identifying the cluster within samples, discriminant analysis was used to isolate those variables which can most effectively reveal the differences between clusters and establish a discriminant function for this purpose.
The plot obtained by the linear discriminant function 1 versus the linear discriminant function 2 is presented in Figure 2 .
As shown in the Figures 1 and 2 In order to study the temporal space, six pottery fragments from Monte Castelo's sambaqui were dated by means of thermoluminescence (TL). In Table 2 , the results of dating 6 pottery fragments are shown.
As can be seen at the Table 2 , the ages of the samples vary according to the groups, and Group 1 is the oldest, without taking into account the effect of moisture, which can cause up to 10 % error in the ages making the ceramic fragments supposedly considered younger. Although, the two fragments of Group 1 are in agreement with the range of occupation considered for the sambaqui in the literature [23] . The results indicated that the ceramics associated with the Bacabal's phase have occupied the sambaqui at about 3000 b.P. extending up to 1500 b.P. This preliminary experience support the hypothesis that the Bacabal's phase is one of the oldest ceramic technologies of the continent and the Monte Castelo archaeological site has the oldest contexts of production of ceramics in the Southwest Amazon.
CONCLUSION
The preliminary study made in the Monte Castelo's sambaqui showed differences exist in the elements concentrations and a simple inspection of the data can not be used to differentiate the chemical groups. Therefore, two multivariate methods, cluster and discriminant analysis, were applied for examining the chemical composition data. The combination of the associated cluster and discriminant analysis proved to yield useful results for the elemental concentration data sets used in this work. Until the present moment, three different compositional groups can be assigned to Monte Castelo archaeological site. These preliminary results provide evidence that the Monte Castelo ceramic were manufactured from at least three different clay sources.
The result of the thermoluminescence dating of six ceramic fragments allowed to verify that the age of the fragments varies according to the groups, with Group 1 being the oldest. However, the ages found are in agreement with the range of occupation considered for the sambaqui in the literature [23] and suggest that the ceramics associated with the bacabal ceramist culture have occupied the sambaqui at about 3000 b.P., extending up to 1500 b.P. In this way, the results of this work corroborate with miller's studies and support the hypothesis that the Bacabal's phase is one of the oldest ceramic technologies of the continent and the Monte Castelo archaeological site has the oldest contexts of production of ceramics in the Southwest Amazon.
